A typical PCR cycle includes an extension step at 72_C after denaturation of double-stranded DNA and annealing of oligonucleotide primers. At this temperature the thermostable polymerase replicates the DNA at an optimal rate that depends on the buffer and nature of the DNA template (1). Although the sizes of the fragments that can be amplified have been generally limited to <5 kb (2), recent reports have shown that a blend of two polymerases (Taq + Pfu) allows replication and amplification of much larger fragments, including a 42 kb sequence from the bacteriophage λ genome (long PCR) (3, 4) . This ability to amplify genomic DNA in vitro is of particular importance to studies of Plasmodium falciparum, as large DNA fragments from this malaria parasite are generally unstable in Escherichia coli (5). A common finding with P.falciparum DNA, however, is that even small fragments (<2 kb) can be difficult or impossible to amplify under standard reaction conditions. Sequences that are refractory to amplification often occur in the flanking regions of genes, where the A+T-content can exceed 90% (6,7). Here we show that reduction of the PCR extension temperature from 72 to 60_C allows amplification of this refractory A+T-rich DNA (>5 kb). Figure 1a shows the effect of extension temperature on the PCR products from four plasmid clones that contain A+T-rich P.falciparum inserts of 1-2 kb (3F3, 6F9, 3E7, 7A6). PCR amplification of each of the inserts was successful using an extension temperature of 60, but not 65 or 72_C. DNA sequences were determined for three of the four inserts, and all were found to have regions of ∼90% A+T-content extending for several hundred bp. By comparison, the P.falciparum pfhsp86 coding region, which supports PCR extension at 70_C (8), has an average A+T-content of 70% with only a single 100 bp region that approaches 80%. We calculated the effect of these different A+T contents on the melting temperatures (T m ) of the DNA sequences. Figure 1b shows the predicted melting curves for representative regions of the pfhsp86 coding region and the 3E7 insert. At a cation concentration of 0.10 M and a DNA concentration of 0.1 pM, values that correspond approximately to conditions in the early stages of PCR, the nucleotides of the pfhsp86 and 3E7 sequences have a 50% probability of being in an unpaired (open) state at ∼73 and 64_C respectively. The difference between these temperatures corresponds to the empirically determined reduction in extension temperature necessary for the amplification of the 3E7 sequence. The success of reduced extension temperatures in the amplification of the 1-2 kb A+T-rich sequences suggested that these temperatures are also important in the amplification of large (>5 kb) P.falciparum DNAs, as most DNAs of such size are expected to have significant regions of >90% A+T content (including intergenic regions and introns). We examined, therefore, the effects of 60, 65 and 72_C extension temperatures on the amplification of different large P.falciparum DNAs. Figure 2 presents the results from one such series of experiments, a 'long PCR' amplification of an 8 kb sequence from P.falciparum
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The results of these studies suggest that DNA melting prevents Taq extension of extremely A+T-rich sequences at 72_C. The successful amplification of >5 kb fragments in this work further suggests that a reduced extension temperature of 60_C should be routinely advised in the PCR of extremely A+T-rich sequences, including those from other organisms as well as P.falciparum. DNA replication at this reduced temperature appears to be reliable and easily supported by the processivity of Taq polymerase. Indeed, routine use of 60_C extension in our PCR protocols has already produced a dramatic improvement in the successful recovery of P.falciparum fragments, not only from standard and long PCR amplifications, but from vectorette (9,10) and other PCR methods (11) (12) (13) (14) (15) that are used to obtain regions flanking known sequences. Reduced extension temperatures may also be helpful in the application of cycle-sequencing methods to extremely A+T-rich DNA.
